tion of two imidazolinone-resistant Sugarbeet (Beta Vul garis) Somatic cell Selections". Seefeldt, et al., 1998, Weed Science, 46:632-634 , "Produc tion of herbicide-resistant jointed goatgrass (Aegilops cylin drica) X wheat (Triticum aestivum) hybrids in the field by natural hybridization". Harms, et al., 1992, Mol. Gen. Genet., 233:427-435 , "Her bicide resistance due to amplification of a mutant acetohy droxyacid Synthase gene'. Lee, et al., 1988 , The Embro Journal, 7:1241 -1248 , "The molecular basis of Sulfonylurea herbicide resistance in tobacco". Lovell, et al., 1996, Weed Science, 44:789-794 , "Imidazoli none and Sulfonylurea resistance in a biotype of common waterhemp (Amaranthus rudis)". Foes, et al., 1999, Weed Science, 47:20-27 , "A kochia (Kochia Scoparia) biotype resistant to triazine and ALS-in hibiting herbicides". Bing, D., 1991, M.Sc. Thesis, University of Saskatchewan, "Potential of gene transfer among oilseed brassica and their weedy relatives". Newhouse, et al., 1988 A (rapa) genome and has a genomic constitution of AA. Brassica napus is an amphidiploid with the rapa (A) and Oleraceae (C) genomes and is listed as AACC. Brassica juncea is also an amphidiploid with the rapa (A) genome and the nigra (B) genome. Genetically, Brassica juncea is listed as AABB.
During pollen and ovule formation, the chromosomes within each genome will pair with their homologues (i.e., A chromosomes will pair with A, B will pair with B), and it is extremely rare to have pairing of A and B or A and C. This pairing may be forced by repeated crossing and careful Selection of plant phenotype during breeding, although there is no expectation that a trait from one genome may be combined with a trait from the other genome.
Brassica sp. cultivars are developed through breeding programs that utilize techniques Such as mass and recurrent Selection, backcrossing, pedigree breeding and haploidy. Recurrent Selection is used to improve populations of either Self-or cross-pollinating Brassica. Through recurrent Selection, a genetically variable population of heterozygous individuals is created by intercrossing Several different par ents. The best plants are Selected based on individual Superiority, outstanding progeny, or excellent combining ability. The Selected plants are intercrossed to produce a new population in which further cycles of Selection are contin ued. Various recurrent Selection techniques are used to improve quantitatively inherited traits controlled by numer
OuS geneS.
Breeding programs use backcroSS breeding to transfer genes for a simply inherited, highly heritable trait into another line that Serves as the recurrent parent. The Source of the trait to be transferred is called the donor parent. After the initial croSS, individual plants possessing the desired trait of the donor parent are Selected and are crossed (backcrossed) to the recurrent parent for Several generations.
The resulting plant is expected to have the attributes of the recurrent parent and the desirable trait transferred from the donor parent. This approach has been used for breeding disease resistant phenotypes of many plant Species. However, certain traits are difficult to transfer by backcross breeding because other attributes of the recurrent parent are linked to the desirable trait, and therefore it is difficult to develop a resulting plant with all of the attributes of the recurrent parent and the desirable trait transferred from the donor parent. Backcrossing has been used to transfer low erucic acid and low glucosinolate content into lines and breeding populations of Brassica.
Pedigree breeding and recurrent Selection breeding meth ods are used to develop lines from breeding populations. Pedigree breeding Starts with the crossing of two genotypes, each of which may have one or more desirable characteris tics that is lacking in the other or which complements the other. If the two original parents do not provide all of the desired characteristics, other Sources can be included in the breeding population. In the pedigree method, Superior plants are Selfed and Selected in Successive generations. In the Succeeding generations the heterozygous condition gives way to homogeneous lines as a result of Self-pollination and Selection. Typically in the pedigree method of breeding five or more generations of Selfing and Selection is practiced: F to F, F, to F, F, to F, F, to Fs, etc. For example, two parents that are believed to possess favorable complemen tary traits are crossed to produce an F. An F. population is produced by Selfing one or Several FS or by intercrossing two F's (i.e., sib mating). Selection of the best individuals may begin in the F population, and beginning in the F the best individuals in the best families are selected. Replicated testing of families can begin in the F generation to improve the effectiveness of selection for traits with low heritability.
At an advanced Stage of inbreeding (i.e., F and F7), the best lines or mixtures of phenotypically similar lines commonly are tested for potential release as new cultivars. BackcroSS ing may be used in conjunction with pedigree breeding; for example, a combination of backcrossing and pedigree breed ing with recurrent Selection has been used to incorporate blackleg resistance into certain cultivars of Brassica napus.
Plants that have been self-pollinated and selected for type for many generations become homozygous at almost all gene loci and produce a uniform population of true breeding progeny. If desired, the haploidy method can also be used to extract homogeneous lines. A croSS between two different homozygous lines produces a uniform population of hybrid plants that may be heterozygous for many gene loci. A croSS of two plants each heterozygous at a number of gene loci will produce a population of hybrid plants that differ geneti cally and will not be uniform.
The choice of breeding or Selection methods depends on the mode of plant reproduction, the heritability of the trait (s) being improved, and the type of cultivar used commercially (e.g., F hybrid cultivar, pureline cultivar, etc.).
SUMMARY OF THE INVENTION
The invention is in the field of Brassica juncea (i.e. Brassica) breeding, specifically relating to the development Amer: Oil Chem. Soc., 60: 1751 Soc., 60: to 1754 Soc., 60: (1983 Plant Height. The overall plant height at the end of flowering is observed (mean of 50).
Ploidy. This refers to whether the number of "basic sets" of chromosomes (individual replicates of the same genome) exhibited by the cultivar is diploid (two sets) or amphidip loid (two sets each of two different genomes).
Resistance to Shattering. Resistance to Silique shattering is observed at Seed maturity and is expressed on a Scale of 1 (poor) to 5 (excellent). A Brassica breeding population should be Substantially homogenous and reproducible to be useful in either further breeding or the development of a commercial cultivar. There are a number of analytical methods available to determine the phenotypic Stability of a Brassica population.
The oldest and most traditional method of analysis is the observation of phenotypic traits. The data is usually col lected in field experiments over the life of the Brassica plants to be examined. Phenotypic characteristics most often are observed for traits associated with Seed yield, Seed oil content, Seed protein content, fatty acid composition of oil, glucosinolate content of meal, growth habit, lodging resistance, plant height, Shattering resistance, etc. Other phenotypic characteristics commonly observed include resistance to disease, insects and tolerance to herbicides.
Herbicide tolerance is particularly important for Brassica, Since many weeds, Such as Stinkweed, Shepherd's purse, flix weed, ball mustard, wormseed mustard, hare's ear mus tard and common peppergrass have a close genetic relation ship with Brassica. Therefore, it is advantageous for a cultivar to have herbicide tolerance not possessed by related weeds or even undesired Brassica plants of a different variety or cultivar.
Herbicides may function by disrupting amino acid bio Synthesis in affected Species. For example, the imidazoli none herbicides are active on the enzyme acetohydroxy acid synthase (AHAS), the first enzyme in the biosynthesis of the Most forms of Brassica napus, Brassica rapa and Bras Sica juncea are highly Susceptible to herbicides, Such as imidazolinones. Doses of imidazolinone herbicides applied during our backcroSS breeding program were Sufficient to kill Susceptible Brassica juncea and Brassica napuS checks as well as material Segregating away from herbicide toler CC. Swanson et al., Plant Cell Reports 7:83-87 (1989) reported the development of imidazolinone herbicide toler ant Brassica napuS mutants using microSpore mutagenesis. During the process, five fertile double-haploid Brassica napuS plants were developed. One of the mutants was 2: 321-330, (1992) . The last gene, AHAS5, may also be defective (Rutledge et al. Mol. Gen. Genet. 229:31-40, 1991) . Hattori et al. Can J. Bot: 70: 1957 -1963 , (1992 determined that the DNA sequence of coding regions for AHAS1 and AHAS3 were 98% identical. DNA sequences of the 5' and 3' ends were also closely related. Few genetic similarities were observed between the sequences of AHAS2 as compared to AHAS1 or AHAS3 genes.
Thus, there are only two known effective genes for imidazolinone herbicide tolerance-an AHAS1 mutant (believed to be located on the C genome) and an AHAS3 mutant (believed to be located on the A genome). AS Brassica juncea, Brassica napuS and Brassica rapa all contain the A genome (FIG. 1) (Such as were used in the greenhouse and field Screening protocols), genotypes possessing the single AHAS1 toler ance gene do not die, but are Severely Stunted, grow multiple racemes and are very late to flower and mature. In our normal Screening program, we discarded these individuals. Accordingly, both AHAS1 and AHAS3 mutant genes appear to be required for the levels of tolerance evaluated in these experiments. Because mutant forms of both genes appear to be required for full tolerance, the mutant AHAS3 gene and the mutant AHAS1 gene (believed to be on the C genome) must be transferred into the same genotype. Brassica juncea and Brassica rapa do not contain the C genome, which is one reason why there have been no commercial herbicide toler ant Brassica juncea and Brassica rapa Varieties developed 7 to date. Herbicide tolerance provided by only a single mutant AHAS gene is insufficient to protect otherwise Susceptible plants from field application rates of herbicides. Attempts up until this research to transfer the mutant AHAS1 gene and the corresponding herbicide tolerance trait to Brassica rapa and Brassica juncea have proven to be very difficult.
In the present invention, herbicide tolerant Brassica jun cea was developed through a backcroSS breeding program. 46A72, a Pioneer Hi-Bred herbicide tolerant Brassica napus commercial variety, was used as the trait donor. The herbi cide tolerance trait in 46A72 was developed through mutagenic techniques described by Swanson, et al. (1989) .
PHI research has confirmed that there is some level of cross-tolerance between the tolerance Sources for imidazoli none herbicides and sulfonyl urea herbicides. 46A72 (the donor parent) has been shown to be tolerant to Sulfonyl urea herbicides as well as imidazolinone herbicides. 46A72 is available from Pioneer Hi-Bred International, Inc., 400 Locust Street, Des Moines, Iowa 50309.
The first step in the development of the herbicide tolerant Brassica juncea lines was to cross the herbicide tolerant Brassica napus variety 46A72 with low glucosinolate and low erucic acid Brassica juncea lines (FIG. 2) using the Brassica juncea parents as females. The Seeds and plants resulting from this croSS are referred to as the F1 generation. The F1 generation was used as a female to receive pollen from Brassica juncea lines to develop the BC1 generation. The BC1 was used as a female parent to receive pollen from Brassica juncea lines to produce the BC2. A third round of crossing was used to produce the BC3. The F1, BC1 and BC2 generations were screened for herbicide tolerance by using Pursuit(R) herbicide at a rate of 50 ml/ha (1x field rate), or Odyssey(E) herbicide at a rate of 30 g/ha (1x field rate).
Both herbicides are available from American Home Products, Inc., American Cyanamid Division, 5 Giralda Farms, Madison, N.J., 07940, and Pursuit(R) and Odyssey(R) are trademarks owned by American Home Products, Inc. Plants exhibiting satisfactory levels of herbicide tolerance during the herbicide tolerance program were crossed and Selected. The Screening, crossing and Selection was repeated, and the first stable herbicide tolerant Brassica juncea phenotypes (designated 98SJ-23841, 98SJ-23844 and 98SJ-23845) were produced at the BC3 generation. (FIG. 3) .
Unexpected difficulties were encountered in the backcroSS breeding program as a result of the linkage between the Brassica napuS phenotype and the herbicide tolerant trait.
During the first three rounds of crossing (F1, BC1 and BC2) all of the plants which inherited the herbicide tolerance trait also inherited the Brassica napus phenotype, or their Selfed progeny reverted back to the Brassica napuS phenotype in Subsequent generations. Conversely, plants that did not inherit the herbicide tolerance trait inherited the Brassica juncea phenotype. Thus, it was only through great effort involving many crosses and careful Selection within BC2 Segregating materials that the three populations (98SJ 23841, 98SJ-23844 and 98SJ-23845) were developed that expressed both the Brassica juncea phenotype and the herbicide tolerance trait. Presumably, the necessary genetic change that allowed for the Simultaneous expression of a fully fertile Brassica juncea plant phenotype in combination with herbicide tolerance occurred between the BC2 and BC3. 98SJ-23841, 98SJ-23844 and 98SJ-23845 were the first populations to show uniformity and Stability for the juncea phenotype and herbicide tolerance. Each of these three populations demonstrated a Substantial degree of herbicide tolerance. Successive Selfed progenies derived from these three backcroSS populations have also exhibited Stable her bicide tolerance and continue to maintain the Brassica juncea phenotype under greenhouse and field evaluation. In addition, it is known to those skilled in the art that herbicide tolerance genes in Brassica napuS commonly confer croSS tolerance to Sulfonyl urea herbicides.
AS can be seen in Table 2 , the stable herbicide resistant lines 98SJ-23841, 98SJ-23844 and 98SJ-23845 are pheno typically similar to Brassica juncea line 96SJ-3827 used in their development. They are also phenotypically different from Brassica napus trait donor 46A72, with the exception that they possess the herbicide tolerance trait of 46A72. 
Morphological
The herbicide tolerant Brassica juncea populations are each Substantially resistant to herbicides and can be repro duced by planting Seeds of Such lines, growing the resulting Brassica plants under Self-pollinating or sib-pollinating con ditions with adequate isolation, and harvesting the resulting Seed using conventional agronomic practices.
Development of Cultivars
The stable herbicide tolerant Brassica juncea populations can be used to develop new herbicide tolerant Brassica juncea cultivars by any manner known to those skilled in the art, Such as crossing with other Brassica juncea lines, followed by selfing and selection of plants with the desired characteristics. The stable herbicide tolerant Brassica juncea lines may also be used as either donor lines or recurrent parents as part of a breeding program. Exposure to herbicide can be used to determine inheritance of the herbicide toler ance trait. Similarly, where a marker exists for a known gene or gene product, the breeder may use the marker to assist in determining which germplasm has inherited the trait and is Suitable for advancement to the next generation.
Transformation of Brassica
With the advent of recombinant DNA techniques that have allowed the isolation and characterization of genes that encode specific protein products, Scientists in the field of plant biology developed a strong interest in engineering the genome of plants to contain and express foreign genes, or additional, or modified versions of native, or endogenous, genes (perhaps driven by different promoters) in order to The expression vector may contain one or more Such oper ably linked gene/regulatory element combinations. The vector(s) may be in the form of a plasmid, and can be used alone or in combination with other plasmids, to provide transformed Brassica plants, using transformation methods known in the art to incorporate transgenes into the genetic material of the Brassica plant(s). Genes included in expres Sion vectors must be driven by a nucleotide Sequence comprising a regulatory element, for example, a promoter. Several types of promoters are now well known in the transformation arts, as are other regulatory elements that can be used alone or in combination with promoters. The term "promoter" includes reference to a region of DNA upstream from the Start of transcription and involved in recognition
